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_collisions <R

Ultra-peripheral collisions (UPCs): b > R+R,
Electromagnetic fields:

> Proportional to Z2

» Treated as quasi-real photon fluxes

« Electromagnetic dissociation cross section ~ 30 times
greater than hadronic

« Hadronic interactions are short range: highly suppressed

Vector
meson

in UPCs
R » UPCs allow us to study the photon-induced
-2 reactions, such as purely EM processes, but also
T hoton-nuclear reactions
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ALICE
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Photon-induced reactions: pure EM processes or y-nucleus reactions
* y-nucleus reactions:
Diffractive: Interaction without color exchange - 2 rapidity gaps
Inelastic: Color exchange-> rapidity gap only in the photon side
 Intense EM field: possible to have multi-photon exchange, that may lead to electromagnetic
dissociation (EMD) processes that cause neutron emission at beam rapidity -
3
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Coherent and incoherent photoproduction (v

ALICE

ALICE, Pb—Pb |s,, = 5.02 TeV
UPC, L = 233 £6 ub™ Coherent:

yl<0.8 2.90 < m,, < 3.20 GeV/c? * The photon interacts with the
» ALICE data nucleus as a whole and the nucleus
— Coherent J/y . .
— Incoherent J/y remains intact
— Incoherent J/y with nucleon dissociation
— Coherent J/y from y' decay b <p-|—>~ 1/pr -~ 60 MeV/C )\
- Incoherent J/y from y' decay ] Coherent
— Continuum yy — | » Exclusive process

— Fit: % dof=1.09

— Incoherent:
- + The photon interacts with only one
107 | L%— nucleon
/_r —‘ ——l e The nucleus usually breaks up
052 6496 68 T T2 14 76 ~is 2 <Pr>~1R,~450 MeVic Aincoherent
P, (GeV/c)

ALICE, Eur. Phys. J. C 81 (2021) 712

| Arvind Khuntia | ATHIC-2025




Electromagnetic dissociation (EMD) g

ALICE

A A

Vector meson photoproduction can occur with independent
EMD processes

EMD needs the exchange of energetic photons

—> The probability of finding energetic photons decreases
as the impact parameter increases

EMD processes can be used to select different impact
parameter ranges in UPCs

EMD classes from large to small b:
OnOn: no EMD
XnOn: EMD of one of the nuclei
XnXn:. Both nuclei undergo EMD
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ALICE in Run 2

. TPC: Tracking and PID through dE/dx
AD/VO0: Arrays of scintillators at forward _

ITS (silicon): 6 layers of silicon

. 1 . 1 ~10007
trackers. The 2 innermost layers rapidity. Ensu re_ the presence of large rapidity s00F. i
are also used for triggering gaps used for triggering 800

TPC dE/dx (a.u.
~
S

a. ITS SPD (Pixel)

R b. ITS SDD (Dgi 400
semasaw. v avh mm a aVAW €L c. ITS SSStrip)
; @72nd TO 300

d.

:il

@i/

Y IIIIIJIIIII]IIIIIIIIIIIlIIIIIlIIIIIIIIIlIIIIIII

02 03 1 2 3 45
(

ITS

FMD, TO, VO
TPC

TRD

TOF

HMPID
EMCal

DCal

. PHOS, CPV
10. L3 Magnet
11. Absorber
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14, Muon Trigger
15. Dipole Magnet
16, PMD

17.AD

18.zDC

19. ACORDE

-

CONOOAWNE

ZDC: Sampling spaghetti calorimeters.
Used to detect forward neutrons and
protons
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- parameter selection in UPCs
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ALICE

Flux per fm
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We classify events in different EMD classes using neutron
detection in the ZDCs

ALICE measured the cross section for neutron emission at
beam rapidity in Pb-Pb UPCs and well reproduced by MC
models

Impact parameter distributions in different EMD classes in
coherent p° photoproduction, according to the n®,n MC

OnOn: no forward neutrons p(770)

—— 0nOn
—— 0OnXn
—— XnXn

OnXn: neutron(s) detected only at
one side of the IP

XnXn: neutron(s) detected at both

OnOn
Xn0n

XnXn

IIII[II[IIIIIIIIIIIIIIIIIIIII

10° 10°
Impact parameter [fm]
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ZNC energy (TeV)

ALICE Pb-Pb UPC |s,,, = 5.02 TeV

‘:-:r-'-;.- - . = 103

ALICE, JHEP 06 (2020) 035 ZNA energy (TeV)

sides of the TP EMD class Median b from n®;n

49 fm
23 fm
18 fm




-al anisotropy in coherent p® photoproduction i

ALICE

Each nucleus can act as the source of the photon or as

the target in the interaction
- two Iindistinguishable amplitudes contribute to
the cross-section

Interference between the amplitudes:

—

o(or,by = 0) = | Apr,b) — A(pr,b) €77 [2

 Correlation between p® momentum and polarization
(aligned along b) - preserves the anisotropy!

- B+ The decay products are emitted in an entangled state,
S and the iInterference depends on observing the
complete final state
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What we measure in ALICE

Istituto Nazionale di Fisica Nucleare

ALICE

50% of the
HES

50% of the
times

¢ = azimuth angle between p* and p-

Pt = Pra £ P12

Pt 1 (Prx2) = transverse momentum
of the track randomly assigned to the

positive and negative tracks

Soding model (Fit to invariant mass spectra):

The p0 (resonant pion pair production) + continuum +interference

between the two

dmq

= |ABW, + B + M(myz)

..........
=s

Acc x ¢ - corrected counts/(35 MeV/c?)

20 Lo

== BW(S)

= Interference (S)
- - R-Sfit

"
S =t

| |

«10® Physics Letters B 858 (2024) 139017

ALICE data

Stding fit T XnXn

Continuum (S)

Acc x ¢ - corrected counts/(35 MeV/c?)
©
N

06 065 07 075 08 085 0.9 0.95

ALICE Pb-Pb UPC ys,, =5.02 TeV
Pb + Pb — Pb + Pb + p°

p,<0.1 GeV/c?
.’-&Iyl <08,0<¢d<n/7
¥

’
. i
S =

[ |

m,.. (GeV/c?)

In a specific ¢ range
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Example of the fit to the invariant mass distribution




Asymmetry extraction v

ALICE

E F F

2 14F Experimental OnOn 1.4F Experimental XnOn 1.4F Experimental XnXn

> L L -
S : : « Example of one of the fits to
E 1.3¢ i A.LICE date 1-3FALICE Pb-Pb UPC Y5, = 5.02 TeV 1.31 .

S [ —ritane b pp e oo - extract the amplitude of the
g 1 2-_ - Physical OnOn 1 2-_ P 1 2"" h

s 1.2 21 207N

pd

modulation

..... Physical XnOn + OnXn
= + = Physical XnXn

-_—
=
LN B

1.1f

= s » The different components of the
0.9f 0.l modulation in each class due to
osf osf oef migrations are shown
0.75— 0.75— 0.75 )

: : : « The modulation strongly
e MR R increases as b decreases
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Result: Azimuthal anisotropy
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ALICE

~ 0.35
S — -1 e
- ALICE Pb-Pb UPC |5, = 5.02 TeV -
03— Pb + Pb — Pb + Pb + o° —_— ]
0.25— 4 ALICE Pb-Pb UPC data stat. (bar), syst. (box) —
| B¥= STAR Au-Au UPC # .
[ B STARU-UUPC .
0.2— H. Xing et al. o
— * W.Zhao et al. 1 e
o5 1 .
0.1 o
— q °®
0.05F ALICE \syy =5.02 TeV, p_ <0.1 GeV/c, lyl <0.8
e 'l STARvs_m=2ooeev,pT<o.oseeWc .
ol : -
0nOn XnOn + OnXn XnXn

[1] Physics Letters B 858 (2024) 139017
[2] Sci. Adv. 9 (2023) eabg3903

[3] Xing et al., JHEP 10 (2020) 064

[4] Zhao et al., PRC 109 (2024) 024908
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First measurement of the azimuthal
anisotropy of the coherently
photoproduced p° yield as a function of
the impact parameter (b)

The modulation strength strongly increases as
b decreases = XnXn > Xn0n > 0n0n

Compatible with predictions from both
theoretical modelst3 4

XnXn amplitude compatible with STAR
results for Au-Au and U-U collisions at
lower energy




Summary and outlook i

ALICE

 First measurement of the angular anisotropy in the decay of coherently photoproduced p0 as
a function of the impact parameter

« This experiment can be seen as a double slit experiment at fm scale, with b acting as the
distance between the openings

« The strength of the anisotropy varies by one order of magnitude from the largest to the small
Impact-parameter event class

ALICE In Run 3:
* Constrain models with more differential studies of the interference at fm scale
« ALICE is taking data in continuous readout mode

 New upgraded detectors, Muon Forward Tracker (MFT) and Fast Interaction Trigger (FIT),
will be used to select UPC events with a veto at forward rapidity

* In Run 3 + 4 we expect order(s) of magnitude more events wrt Run 2
p® — ™ at midrapidity: 5.5 B expected as compared to ~ 57 k in Run 2
JY — p+u— at midrapidity: 1.1 M expected as compared to ~ 3.1 k in Run 2
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: ALICE

Thank you for your attention!!!
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ALICE
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Back-up
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Accounting for migration across EMD classes
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ALICE

To extract the amplitude of the anisotropy we need to fit the distribution of the normalized p° yields as a
function of ¢ in each neutron emission class.

We are looking for a cos(2¢) modulation with b-dependent amplitude, and b <> neutron emission classes

We need to account for migrations across neutron classes, due to ZDC efficiency for neutrons and pile-up

"p OnOn I
NpXnOn || = I
p XnXn I

-~

\

Normalized p? yield }

W 0nOn — OnOn
W 0OnOn — XnOn
W 0nOn — XnXn

W XnOn — OnOn
W Xn0On — XnOn
W XnOn — XnXn

W XnXn — OnOn
W XnXn — XnOn
W XnXn — XnXn

2 OnOn
azxnon ||c0S(2¢)
a2 XnXn

/

Wy_,z = contribution of the yield in the physical
class Y to theyield in the experimental class Z.
Computed from measured cross-section ratios

\_ and migration probabilities.
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f

N

a, = true amplitudes
of the modulation




ALICE
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ALICE

| Arvind Khuntia | ATHIC-2025




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18

